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BACKGROUND OF THE INVENTION 
The Field of the Invention 
[01] The present invention relates to displaying a video stream. More particularly, the 
present invention relates to systems, methods, and computer program products for 
displaying at least a portion of a video stream when the video stream is subject to bandwidth 
constraints and memory limitations. 



Background and Relevant Art 
p [02] The Internet is a resource that contains a vast amount of information in varying 

£• forms. Data can be stored and accessed, for example, as text, images, and streaming video. 

fU 

|U Each different kind of data has certain characteristics that affect how the data is downloaded 

q and viewed. Text, for example, requires relatively little memory on a computer or other 

processing device and can be downloaded rather quickly even over slow network 
connections. Image data, in comparison with text data, is typically larger in size and will 



g therefore require more time to download to the set top box. While the size of the image data 

& z S does not preclude a user from downloading the image, the size of the image does affect the 



8® in II I amount of time that is required to download the image. A user who has a slow network 
o < p m b 
H 3 5 e ^ 

Q §| 3 8 y connection is simply required to wait. Once an image is downloaded, however, it can be 



x 1 ^ 1 s h easily displayed and connection bandwidth is no longer a concern for that image. 

< a 

[03] Video streams, however, are significantly different from text data and image data. 
1 

& Streaming video is a series of images that, when displayed in rapid succession, provide the 

illusion of movement. Because the images must be displayed in relatively rapid succession, 
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the connection speed can have a significant impact on the ability of the computer to display 
the video stream. Currently, video streams are suppressed if the computer cannot maintain 
sufficient throughput with respect to the video stream. In other words, the ability of many 
computers to display video streams is limited by the speed of their connection with the video 
stream source. 

[04] In addition to being a series of images, video streams are usually compressed. A 
computer is therefore required to decompress the video stream before it can be displayed to 
a user. Decompressing and processing a video stream is not a simple process. 
Decompressing the video stream, for example, often requires the computer to perform 
complex operations such as an inverse discrete cosine transform (DCT) and an inverse 



j5j quantization multiple times for each frame of the video stream. In addition, the computer is 



required to perform other processing, such as motion compensation, related to reconstructing 
some of the frames in the video stream. 

w 

y [05] In addition to the memory and processing power required to fully decode the video 

stream, the computer must create and manage various memory buffers that are used to store 
copies of various reference frames used to reconstruct other frames of the video stream. For 



w example, a video stream such as a Moving Pictures Experts Group (MPEG) stream contains 

M § J s I frames, P frames, and B frames. B frames are bi-directional frames that can reference two 

$ i h £ I B separate frames that contain data required to decode the B frame. A P frame typically only 

& 8 < 5 8 ~ 

Q § 1 u references a single frame and only one memory buffer is required in this instance. The 



1^1 memory required to decompress and process B frames and P frames can consume a 

significant amount of memory and processing power. As the resolution of a video stream 
^ increases, more memory and/or resources of the computer are consumed. Thus, the ability 



- Page 3 - 



Docket No. 14531.148 



- ^ 



a 



w 
u 

lis*!? 
llllll 



of a computer to display a video stream is also limited by the available memory and 
processing power of the computer. 

[06] Because of these limitations, many computers are simply unable to access a 
significant amount of content, including video streams, that is otherwise available, for 
example, on the Internet. Many web sites, for instance, provide different versions of the 
same video stream and each version is geared towards a specific bandwidth. Video streams 
that can be accessed over connections with relatively low bandwidth typically have lower 
resolution and are of lower quality their counterparts. Computers with dial up connections 
are particularly susceptible to the bandwidth limitation. 

[07] Many computers are, therefore, unable to display video streams because of the 
connection speed or bandwidth of their network connection and because of the 
memory/resource limitations of the computer. In these instances, the video is suppressed by 
the computer and the user is unable to view these video streams. 
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SUMMARY OF THE INVENTION 
[08] The present invention recognizes the limitations of the prior art and the need for 
systems, methods, and computer program products that are able to display a video stream. 
More particularly, the present invention relates to systems, methods, and computer program 
products for displaying video streams that are subject to bandwidth constraints and 
memory/resource limitations. 

[09] A video stream is a series of pictures. In MPEG, some of the pictures are complete 
pictures (I frames) that can be reconstructed without reference to another frame, while other 
frames cannot be fully reconstructed (B frames and P frames) without referencing one or 
more other frames. Decoding and processing these frames can require significant memory 
and/or resources. When a system or device such as a set top box does not have sufficient 
memory and/or processing strength to decode and process all the frames of a video stream, 
only certain frames of the video stream are processed and displayed. In one example, only I 
frames are processed and displayed. 
Q [010] Because only certain frames are being processed and displayed, the memory and/or 

resource requirements of the video stream are reduced. Reducing the memory/resource 
»Sj requirements of the video stream enables the system to continue displaying at least a portion 

s ofthe video stream instead of simply suppressing the entire video stream. The actual frames 
£3 | h ^ 1 1 being processed and displayed can vary according to system resource availability. For 
q 1 1 9 S b example, the system may process and display every I frame of the video stream or the 

g|gi|| 

53 1*18^ system may process and display selected I frames. In this manner, the video stream is 

j| gracefully degraded and is not suppressed. 

O 

£ [Oil] Another aspect of the present invention relates to accommodating the bandwidth of 

the system or set top box. When a video stream is requested by a set top box, either from an 



s 
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origination server or a proxy server, the set top box negotiates how the video stream is 
delivered according to the available bandwidth of the connection. This enables the set top 
box, for example, to request the I frames of a video stream that could not otherwise be 
delivered over the available bandwidth. This presents several options to the set top box 
when multiple versions of a video stream are available. The set top box can request certain 
frames from a high resolution version of the video stream or request all frames of a low 
resolution version of the video stream. 

[012] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be obvious from the description, or may be 
learned by the practice of the invention. The features and advantages of the invention may 
be realized and obtained by means of the instruments and combinations particularly pointed 
out in the appended claims. These and other features of the present invention will become 
more fully apparent from the following description and appended claims, or may be learned 
by the practice of the invention as set forth hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[013] In order to describe the manner in which the above-recited and other advantages and 
features of the invention can be obtained, a more particular description of the invention 
briefly described above will be rendered by reference to specific embodiments thereof which 
are illustrated in the appended drawings. Understanding that these drawings depict only 
typical embodiments of the invention and are not therefore to be considered to be limiting of 
its scope, the invention will be described and explained with additional specificity and detail 
through the use of the accompanying drawings in which: 

[014] Figure 1 illustrates a picture level of an exemplary video stream including intra 
frames, predictive frames, and bi-directional frames; 

[015] Figure 2 is a block diagram illustrating exemplary sources that provide content such 
as video streams to a set top box; 

[016] Figure 3 illustrates an exemplary method for displaying key frames included in a 
% video stream; 

[017] Figure 4 is a block diagram to illustrate a negotiation between a set to box and a 
server such that only certain frames are streamed to the set top box because of bandwidth 



£j restrictions or resource limitations of a set top box; 

™ z 5 [018] Figure 5 is a block diagram illustrating the negotiation between a set top box and a 

S I h £ S | server where a set top box can receive key frames from different video streams according to 

Q g 1 3 8 v bandwidth restrictions; and 

s §3 a [019] Figure 6 illustrates an exemplary system that provides a suitable operating 



< 



environment for the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[020] One of the advantages of a system or a device such as a set top box is the ability to 
display video to a user. If the video connection of the set top box is unable to accommodate 
the bandwidth required by a particular video stream or if the set top box does not have 
sufficient resources to decode and process the video stream, then the video stream is often 
suppressed and the user is unable to view the video stream. In other words, the ability of a 
set top box to display streaming video is often dependent on the connection speed or 
bandwidth and the memory/resoures of the set top box. 

[021] The present invention addresses these and other issues by providing systems, 
methods, and computer program products for allowing a video stream to be displayed in 
spite of limited bandwidth and/or limited memory/resources by displaying certain frames of 
the video stream when these types of situations are detected. A system or set top box thus 
displays a portion of the video stream instead of suppressing the video stream. This is 
jjj accomplished, for example, by only displaying some of the frames that are included in the 

W 

£ video stream. The number of frames displayed can vary and may be determined 

■9 

ill dynamically based on the video stream rate, the actual connection of the set top box, and the 

2 availability of the memory/resources of the set top box. 

^ z . 5 [022] Figure 1 is a block diagram that illustrates an exemplary picture level of a video 

psi eS <j § 6j « 

S I h g 1 1 stream. In this example, the video stream 100 is comprised of multiple frames or pictures 

@ I S § ° m< ^ eac h ft 3 ** 1 ^ includes data that is used to generate a picture. The video stream 100 

© 5 ° w ^ 

& I $ 5 includes one or more frames including, but not limited to, initialization frames (intraframes 



iU 



< 



or I frames), frames that allow bi-directional prediction (B frames), and predictive frames (P 
1 

> frames). I frames are typically larger than B frames and P frames because they contain an 

entire picture and do not require the set top box to access a reference frame in order to 
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decode and display the picture. B frames and P frames, on the other hand, require the 
system to maintain one or more reference frames in the system memory in order to render 
the complete image. By using B frames and P frames, however, a video stream can be 
significantly compressed. 

[023] The I frames 102 and 109 thus contain complete data that corresponds to an entire 
picture or frame. P frames, such as P frames 103, 104, 106, and 108 are typically not a 
complete picture, but contain, for instance, motion vectors that are used to obtain some of 
the picture data from reference frames. The video stream 100 of Figure 1 illustrates a series 
of frames where the first illustrated frame being a B frame 101. The series continues with 
Q an I frame 102, a P frame 103, a P frame 104, a B frame 105, a P frame 106, a B frame 107, 

: r 

■§ a P frame 108, and an I frame 109. 

[024] The use of P frames and B frames, however, gradually introduces errors that are 
related to the prediction. For at least this reason, new I frames are often sent in the video 
stream to provide a new starting point for B frames and P frames and to limit the amount of 
errors that occur through interframe coding. Because I frames are sent regularly and contain 
ffj an entire picture, only I frames are displayed to the user in one example of the present 



^ invention. The memory and processing requirements associated with B frames and P frames 

^ S are therefore reduced or eliminated. 

Ph § < o § 5 

rhfe^Ssi [025] From the video stream 100, the need for system memory/resources can be 

rh 8 < 8 £ K 

rtf ^ > O 5 g 

1 1 1 8 p significant. A memory buffer is required to store a reference frame for each P frame in the 



I* 1 8 B video stream 100. Two memory buffers are required for some of the B frames. In addition, 



a screen buffer may be required in order to store the data that is sent to the display device. If 
1 

> the video stream is a high resolution video stream, it is possible that a device that is 

decoding and displaying the video stream will not have sufficient memory/resources to 
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decode the video stream or satisfy the buffer requirements of the video stream 100. In this 
instance, the video stream 100, as previously described, is suppressed. Alternatively, the 
bandwidth requirements of the video stream 100 may preclude the rendering client from 
processing and displaying the video stream 100. 

[026] Figure 2 is a block diagram that illustrates an exemplary sources of content, 
including video streams, that is delivered to a set top box. Figure 2 illustrates a client or 
device such as a set top box that is capable of receiving content from multiple sources 
including, but not limited to, the Internet 206, a cable system 208, and a satellite system 210. 
The set top box 200 is an exemplary computing device that has the capability to receive 
content from a source and to decode and display video streams. Exemplary set top boxes 
include, but are not limited to, Internet terminals, satellite receivers, cable boxes, digital 
video recorders, DSS/DVD, and the like or any combination thereof. The content received 
by the set top box 200 includes, but is not limited to, television programs, streaming 
video/audio, MPEG streams, image data, text data, and the like and combinations thereof. 
As illustrated in this example, the content received by the set top box 200 is often received 
through a proxy server 202. However, the set top box 200 is able to receive content 



ttj independent of the proxy server 202. 



* * 5 [027] In this example of Figure 2, the set top box 200 receives a video stream 204 

SlSglS (including audio) from the Internet 206 (although video streams can be received from other 

^5 o < S t 1 5 

S O 5 C 

Q 1 1 3 S 6 sources as well). The video stream 204 is often directed to the set top box 200 through a 

spill 

s | < 1 8 a proxy server 202. As previously described, one of the limitations faced by the set top box 

< ~ s 

200 is related to the connection 201 of the set top box 200 and the proxy server 202 or, 
P 

* alternatively, with the Internet 206 or other network. The connection 201 often has 
bandwidth limitations that have an effect on the content or data being received by the set top 
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box 200. The set top box 200 may also have hardware limitations such as modem speed or 
memory (RAM) constraints that place limits on the amount of data that can be efficiently 
processed by the set top box 200. One advantage of the present invention is the ability to 
overcome these situations in some circumstances. 

[028] The present invention permits a video stream to be displayed by a set top box by 
addressing these limitations. With respect to limited memory/resources, the set top box only 
decodes and processes certain key frames. The other frames of the video stream are simply 
discarded and not processed. In the case where the key frames are I frames, many of the 
buffer requirements imposed by B frames and P frames are eliminated because an I frame 
does not require the set top box to reference another frame of the video stream. By 
processing and displaying only the key frames, the user is able to view the key frames. The 
frames that are actually displayed to the user can be adjusted as the state of the set top box's 
memory/resources changes. 

[029] With respect to the bandwidth, the present invention permits the set top box to 

negotiate with the proxy server or other server such that only the key frames are sent or 

Q 

iU downloaded to the set top box. This can reduce the bandwidth requirements of the video 

2 stream and permit some devices to display at least a portion of the video stream. The frames 

a 

v> z s that are delivered to the set top box can change as the bandwidth availability is monitored. 

£8 jpilS This enables the set top box to adapt the frames that are displayed to resource and bandwidth 

QliaSB availability. 

jzf I < § S g [030] Figure 3 is a flow diagram illustrating an exemplary method for displaying a video 

M stream when the system resources are limiting the ability of the set top box to display the 

s 

^ video stream. When a video stream 300 arrives at a set top box 200 or other system, the 

video stream 300 is often compressed. In this case, the video stream 300 is received at a 



m 
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media player 302, which has the ability to decompress and process the video stream 300. 
The media player 302 is able to separate the video stream 300 into an audio component 303 
and a video component 307. The audio component is directed to a codec 304, which 
decodes the audio component 303. After the audio component is decoded, the audio 
component is provided to audio hardware 306, which renders the audio for the user. 
[031] The video component 307 has much more data than the audio component and 
requires more processing before it can be displayed on the display device. For instance, 
processing a video stream often requires several buffers in memory that are used with B 
frames and P frames. In addition, processing a video stream requires motion tables to 
account for interframe motion. Thus, as previously described, the memory requirements for 
processing a video stream can be significant in any given system. If the memory is 
insufficient for a given video stream, then the video stream, in the absence of the present 
invention, is typically suppressed as previously described. 

[032] In this example, the memory of the system is first checked (308) to ensure that the 
system has sufficient memory to process the video stream. In fact, the memory is repeatedly 
checked as the video stream is processed such that the set top box 200 can begin to display 



w key frames when the memory or other resources are low. By monitoring the memory or 

m 

™ z 5 resources of the set top box, the set top box 200 can identify when the memory or resources 

$ I h 5 B i of the set top box are not sufficient to continue decoding and processing the entire video 

C5§|a8o stream. 

"1*1 8 § [033] If the memory of the system is insufficient as determined at 308 then the video 

component 307 of the video stream is examined for key frames (310). If the frame being 
g 

> examined is a key frame, then it is decoded by the codec 314 and displayed on the display 

device 318. If the frame being examined is not a key frame, then the frame is simply 
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discarded (312). By discarding frames that are not key frames, less memory is required to 
decode and process the video component. Identifying a frame as an I frame, a P frame, or a 
B frame is known in the art. 

[034] In this situation where some of the frames of the video component are being 
discarded, then only the key frames are displayed to the user. In one example, the key 
frames are the I frames because each I frame corresponds to an entire picture and the set top 
box does not need to store a reference frame in order to generate the frame for display. In 
some situations, some of the I frames are also discarded due to system/bandwidth 
constraints. The video presented to the user on the display device may include each I frame 
S3 or less than all of the I frames of a video stream. As the available memory of the system 

|? changes, then it is possible for the system to resume displaying all frames to the user on the 

S3 

display device 318. In other words, the system resources determine, in part, how the video 
component is processed and displayed. 

[035] In another example, the key frames are I frames and P frames. This eliminates the 
jfc second buffer that is required by B frames. Also, the present invention is not required to 

rU process and display all of the I frames and P frames of the video stream. The frames that are 

w actually processed and displayed are dependent on the availability of the resources and 

m 
& 

™ * ■ g memory of the set top box. Thus the video frame may change from, for example, displaying 

S IhSSh every frame to the user to displaying only the I frames. One advantage is that a user is 

Q§|S3o always able to view at least a portion of the video stream. 

I < 1 8 Hj [036] If the system or set top box 200 has sufficient memory and if the bandwidth is not a 
concern, then the video component 307 is directed to the codec 314, where the video stream 

> is decoded. The output of the codec 314 is ultimately directed to a screen buffer 316 and 



ry 



- Page 13 - 



Docket No. 14531.148 



displayed on the display device 318. The screen buffer 316 typically contains the 
information to be displayed on the display device. 

[037] Thus, when a client such as a set top box is decoding and displaying a video stream, 
the client is continually checking or monitoring the available memory and/or resources of 
the client. If the memory and/or the resources fall below a minimum threshold and are not 
sufficient to continue decoding and processing the video stream, then minimum decoding of 
the video stream is implemented. Only buffers for key frames, for example, are allocated 
for decompressing the key frames and only key frames are displayed on a display device. 
[038] Figure 4 is a block diagram that illustrates a set top box that is receiving a video 
stream from an origination server. Figure 4 illustrates that the set top box 404 receives the 
video stream through a proxy server 402, but it is understood that the set top box 404 can 
receive the video stream directly from the origination server 400. Thus the negotiation 406 
that occurs between the set top box 402 and the proxy server 402, as described below, can 
also occur between the origination server 400 and the set top box 404. 
[039] When the set top box 404 or other client determines that the video stream has a 
higher bandwidth than what the connection between the set top box 404 and the proxy server 

S3 402 can support, the set top box 404 can communicate with the proxy server 402 and 

S 

w 

w z 3 negotiate (406) how the video stream is downloaded over the connection. The set top box 

^ 8 1> @ 3 3 

q I h g 1 | 404, for example, assesses the bandwidth of the connection and the memory of the set bop 
Q § | 3 8 P box before selecting a video stream. In one example, the a user may select the high 
bandwidth video stream on the assumption that only certain frames will be downloaded to 
the set top box. 

> [040] During negotiation 406 with the proxy server 402, the set top box 404 requests that 

the proxy server 402 only transmit key frames of the video stream. Because the proxy 



03 



Ms? 



HI 



E 2 *P ^ 



p 



- Page 14 - 



Docket No. 14531.148 



server 402 is only sending key frames, the bandwidth requirement of the video stream is 
reduced. In addition, the amount of data that is handled by the set top box 404 is also 
reduced. This allows the set top box 404 to decode, process and display key frames for 
video streams that have a higher bandwidth requirement than what the connection of the set 
top box 404 could normally accommodate. 

[041] The set top box 404 also has the ability to continually update the proxy server 402 

regarding the video stream. The set top box 404 can specify a key frame frequency as well 

as update the key frame frequency as the conditions of the connection between the proxy 

server 402 and the set top box 404 change. In this manner, the frequency of the key frames 

being displayed may be dynamically determined according to the video stream rate, the 

availability of set top box resources, and connection throughput, for example. 

[042] Figure 5 is a block diagram illustrating an example of a set top box that negotiates 

with a server in order to view a video stream. The server 500 provides, in this example, 

three versions of a video stream. Each video stream has a different resolution and is 

designed for certain connection speeds or bandwidths. Thus, the video stream 504 has a 

higher bandwidth requirement than the video streams 505 and 508. The video stream 504 

W has a bandwidth requirement that is greater than the video stream 508. 
I 

™ z s [0431 When the set top box 502 requests a video stream from the server 500, a negotiation 

S § p * 1 1 501 may occur. If, for example, the connection between the set top box 502 and the server 



§ 



1 1 9 % 8 500 will only support the bandwidth requirements of the video stream 508, then the set top 
% < § 8 ^ box 502 can negotiate with the server 500 such that only key frames from the video stream 
506 or 504 are streamed to the set top box 502. Thus, the set top box is able to stream key 



< 3 



P 

& frames of a higher resolution video stream. 
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[044] In another example, the negotiation 501 may depend on the resources of the set top 
box 502. For example, the connection between the server 500 and the set top box 502 may 
support the bandwidth requirements of the video stream 506. The processing capability of 
the set top box 502, however, may only support the video stream 508. In this instance, the 
set top box 502 may request either the video stream 508 or the set top box 502 may request 
only key frames from the video stream 506 or 508. 

[045] Another advantage of the present invention is that the set top box 502 can switch to a 
different stream. For example, if the set top box is receiving key frames from the video 
stream 506, it is possible that the connection and/or the resources of the set top box 502 may 
create a situation where the set top box cannot handle the key frames of the video stream 
506. In this case, the set top box 502 negotiates with the server 506 to stream either the 
video stream 508 or key frames of the video stream 508. Another advantage of the present 
invention is that the video stream is gracefully degraded instead of being suppressed. Also, 
Ml the user may be able to view some of the frames at a higher resolution that could otherwise 

r be accommodated. 



w 
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[046] The present invention extends to both methods and systems for displaying a video 



g stream or for displaying selected frames of a video stream. The embodiments of the present 

m 

& * s invention may comprise a special-purpose or general-purpose computer including various 



I § computer hardware, as discussed in greater detail below. The set top boxes described herein 



£3 ^ O b C 

p § a 3 8 o represent examples of such special-purpose computers. 

Jz; g p 2 g < 

-1^1?! [047] Embodiments within the scope of the present invention also include computer- 
readable media for carrying or having computer-executable instructions or data structures 
o 

^ stored thereon. Such computer-readable media can be any available media that can be 

accessed by a general purpose or special purpose computer. By way of example, and not 
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limitation, such computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM 
or other optical disk storage, magnetic disk storage or other magnetic storage devices, or any 
other medium which can be used to carry or store desired program code means in the form 
of computer-executable instructions or data structures and which can be accessed by a 
general purpose or special purpose computer. When information is transferred or provided 
over a network or another communications connection (either hardwired, wireless, or a 
combination of hardwired or wireless) to a computer, the computer properly views the 
connection as a computer-readable medium. Thus, any such connection is properly termed a 
computer-readable medium. Combinations of the above should also be included within the 
scope of computer-readable media. Computer-executable instructions comprise, for 
example, instructions and data which cause a general purpose computer, special purpose 
computer, or special purpose processing device to perform a certain function or group of 
functions. 

[048] Figure 6 and the following discussion are intended to provide a brief, general 

description of a suitable computing environment in which the invention may be 

implemented. Although not required, the invention will be described in the general context 

g of computer-executable instructions, such as program modules, being executed by 

™ % s computers in network environments. Generally, program modules include routines, 

Sl^ull programs, objects, components, data structures, etc. that perform particular tasks or 
2j a o 5 p 

Qg|SSo implement particular abstract data types. Computer-executable instructions, associated data 

oj H w <I < 

i < 1 8 s structures, and program modules represent examples of the program code means for 



SB? 



< 



executing steps of the methods disclosed herein. The particular sequence of such executable 
O 

instructions or associated data structures represents examples of corresponding acts for 
implementing the functions described in such steps. 
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[049] Those skilled in the art will appreciate that the invention may be practiced in 
network computing environments with many types of computer system configurations, 
including personal computers, hand-held devices, multi-processor systems, microprocessor- 
based or programmable consumer electronics, network PCs, minicomputers, mainframe 
computers, and the like. The invention may also be practiced in distributed computing 
environments where tasks are performed by local and remote processing devices that are 
linked (either by hardwired links, wireless links, or by a combination of hardwired or 
wireless links) through a communications network. In a distributed computing environment, 
program modules may be located in both local and remote memory storage devices. 
[050] With reference to Figure 6, an exemplary system for implementing the invention 
includes a general purpose computing device in the form of a conventional computer 20, 
including a processing unit 21, a system memory 22, and a system bus 23 that couples 
various system components including the system memory 22 to the processing unit 21. The 
system bus 23 may be any of several types of bus structures including a memory bus or 
memory controller, a peripheral bus, and a local bus using any of a variety of bus 
architectures. The system memory includes read only memory (ROM) 24 and random 
access memory (RAM) 25. A basic input/output system (BIOS) 26, containing the basic 
routines that help transfer information between elements within the computer 20, such as 



% i h § 1 1 during start-up, may be stored in ROM 24 



Q § 1 3 8 0 [051] The computer 20 may also include a magnetic hard disk drive 27 for reading from 

and writing to a magnetic hard disk 39, a magnetic disk drive 28 for reading from or writing 

to a removable magnetic disk 29, and an optical disk drive 30 for reading from or writing to 
I 

removable optical disk 31 such as a CD-ROM or other optical media. The magnetic hard 
disk drive 27, magnetic disk drive 28, and optical disk drive 30 are connected to the system 
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bus 23 by a hard disk drive interface 32, a magnetic disk drive-interface 33, and an optical 
drive interface 34, respectively. The drives and their associated computer-readable media 
provide nonvolatile storage of computer-executable instructions, data structures, program 
modules and other data for the computer 20. Although the exemplary environment 
described herein employs a magnetic hard disk 39, a removable magnetic disk 29 and a 
removable optical disk 31, other types of computer readable media for storing data can be 
used, including magnetic cassettes, flash memory cards, digital versatile disks, Bernoulli 
cartridges, RAMs, ROMs, and the like. 

[052] Program code means comprising one or more program modules may be stored on the 
hard disk 39, magnetic disk 29, optical disk 31, ROM 24 or RAM 25, including an operating 
system 35, one or more application programs 36, other program modules 37, and program 
data 38. A user may enter commands and information into the computer 20 through 
keyboard 40, pointing device 42, or other input devices (not shown), such as a microphone, 
joy stick, game pad, satellite dish, scanner, or the like. These and other input devices are 
often connected to the processing unit 21 through a serial port interface 46 coupled to 
system bus 23. Alternatively, the input devices may be connected by other interfaces, such 



g as a parallel port, a game port or a universal serial bus (USB). A monitor 47 or another 

m 

w 

00 z 5 display device is also connected to system bus 23 via an interface, such as video adapter 48. 
Pi Sliga 

SlnSSg In addition to the monitor, personal computers typically include other peripheral output 

O § 1 3 S o devices (not shown), such as speakers and printers. 

v g s^ [053] The computer 20 may operate in a networked environment using logical connections 

to one or more remote computers, such as remote computers 49a and 49b. Remote 
1 

* computers 49a and 49b may each be another personal computer, a server, a router, a network 

PC, a peer device or other common network node, and typically include many or all of the 



- Page 19 - 



Docket No. 14531.148 



elements described above relative to the computer 20, although only memory storage 
devices 50a and 50b and their associated application programs 36a and 36b have been 
illustrated in Figure 6. The logical connections depicted in Figure 6 include a local area 
network (LAN) 51 and a wide area network (WAN) 52 that are presented here by way of 
example and not limitation. Such networking environments are commonplace in office- 
wide or enterprise-wide computer networks, intranets and the Internet. 
[054] When used in a LAN networking environment, the computer 20 is connected to the 
local network 51 through a network interface or adapter 53, When used in a WAN 
networking environment, the computer 20 may include a modem 54, a wireless link, or other 
means for establishing communications over the wide area network 52, such as the Internet. 
The modem 54, which may be internal or external, is connected to the system bus 23 via the 
serial port interface 46. In a networked environment, program modules depicted relative to 
^ the computer 20, or portions thereof, may be stored in the remote memory storage device. It 

will be appreciated that the network connections shown are exemplary and other means of 
establishing communications over wide area network 52 may be used, 
fij [055] The present invention may be embodied in other specific forms without departing 



W 
1*1 



« from its spirit or essential characteristics. The described embodiments are to be considered 



5/3 * v j= in all respects only as illustrative and not restrictive. The scope of the invention is, 
$ I h § 1 1 therefore, indicated by the appended claims rather than by the foregoing description. All 



p g § 3 8 6 changes which come within the meaning and range of equivalency of the claims are to be 



g p « 2 

- 1 * I ? 5 embraced within their scope 



What is claimed and desired to be secured by United States Letters Patent is: 
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